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An instrument for analyzing and dispensing objects larger than 
about 70/im in diameter is based on a flow cytomctcr with a novel 
fluid ic switch arrangement for diverting a portion of a sample stream in 
response to detector signals in a flow cell. The instrument is particularly 
adapted for dispensing multicellular test organisms like nematodes or 
large microspheres for use in screening large libraries of potential 
pharmaceutical agents. Hydrodynamic focussing is used to center and 
align the objects in the flow cell. The objects pass through a sensing 
zone where optical or other characteristics of the objects are detected. 
The detector signals are processed and used to operate a fluidic switch 
that is located downstream from die sensing zone. The fluid stream 
containing the detected objects emerges from the flow cell into air 
where a fluid stream controlled by the fluidic switch diverts portions of 
the stream containing no sample objects or sample objects not meeting 
predetermined characteristics. The undiverted sample stream deposits 
selected sample objects into a plurality of containers. 



SUSPENSION OF 
SAMPLE OBJECTS 



SENSING 
ZONE 



SAMPLE 
STREAM IN 
AIR 



DEFLECTED j 
STREAM 





SIGNAL 




ANALYSIS 



DELAY 



CONTROL 
STREAM 



FLUIDIC 
VALVE 



□ □□ 



'(Referred to in PCT Gazette No. 28/2000, Section D) 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


AuslraKa 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


II- 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vict Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


Cote d'Tvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


IX 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/1 1449 



PCT/US99/19035 



INSTRUMENT FOR SELECTING AND DEPOSITING 
MULTICELLULAR ORGANISMS AND OTHER LARGE OBJECTS 

BACKGROUND OF THE INVENTION 

The present application is based on U.S. Provisional Patent Application No. 
60/097,505 entitled "Fluid Switch Controlled Machine for Selecting and Depositing 
/ Multicellular Organisms," filed August 21, 1998 and U.S, Provisional Patent 
5 Application No. 60/111,723 entitled "Nematode Sorting Machine," filed December 
10, 1998; priority is claimed from these applications both of which are incorporated 
herein by reference. 

1 . Field of the Invention 

The present application concerns high-speed mechanisms for automatically 
10 identifying and physically selecting multicellular organisms or other large objects with 
predetermined characteristics from mixed populations and depositing them in discrete 
locations. 

2. Description of Related Art 

Intact multicellular organisms, such as nematodes, fruit fly larvae, or zebrafish 
15 embryos are frequently used as model systems to help understand the function of 
human genes that have been implicated to play a role in disease. Human gene 
homologues have been identified in these model organisms and mutations have been 
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induced specifically in those gene homologues. Such mutations frequently result in an 
easily observable phenotypic change in the model organism, and it has been shown that 
certain mutants respond to pharmacological compounds with a measurable mode of 
action. Mutants of intact organisms are now used as a new class of in vivo drug 

5 screens for combinatorial pharmacological compound libraries. By using these 
organisms, one can identify targets for drug intervention without the need to 
completely understand complex biochemical pathways between the genotype and the 
phenotype. In addition solid state combinatorial chemical approaches are now being 
utilized to produce these drug libraries; the end result is that the sample chemicals to 

10 be tested are present on solid microspheres usually between 100 and 500 \im in 
diameter. These solid state techniques greatiy speed the preparation of the sample 
compound library but necessitate a method to accurately select and dispense these 
microspheres for testing purposes. 

The historic approach to modeling diseases in multicellular organisms has been 
15 to make morphological or behavioral mutants with substantial phenotypic defects. The 
intent of such research is to produce a mutant that resembles or models a disease state 
so that new therapeutics can be screened without using human "guinea pigs." In feet, 
considering the current prevalence of animal rights activists, the safest approach is to 
entirely eschew the use of mammals for testing purposes. The goal, then, has been to 
20 observe these model disease defects and their interaction with candidate therapeutics 
objectively and with high sensitivity. Unfortunately, this goal has been not often met. 
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The closest approach to reaching the goal has been to devise "live-dead" assays that 
can be carried out in microwell arrays using optical readout systems. The plan is to 
dispense individual organisms into microwells, add the candidate therapeutic and 
optically detect the response. If the candidate therapeutic is present on a microsphere, 
5 then the microsphere must also be accurately selected and dispensed. 

The exposure of model organism mutants to diverse pharmaceutical compound 
libraries, even when the mutation has not been linked to a human gene homologue also 
helps define gene function. The addition of such functional genomic techniques to the 
repertoire of molecular biology and biochemistry methods is leading to a significant 
10 increase in speed in the pharmaceutical discovery process. Investigators annotate 
pharmaceutical drug libraries for toxicity, non-specific activity, or cell membrane 
permeability, etc. by observing their behavior in intact organisms. This way, potential 
new therapeutics tot show toxicity or harmful results can be discarded early without 
wasting valuable resources. 

15 The soil nematode Caenorhabditis elegans, has become a particularly important 

multicellular organism for these types of tests because its anatomy, development, 
behavior and genome, is more completely understood than that of any other animal. C. 
elegans is a small metazoan animal composed of only 959 cells, each generated from a 
single zygote cell through a completely known cell lineage. This small number of cells 

20 nonetheless exhibits a diversity of cell types that typifies more complex animals, 
including skin, muscle, gut and nerve cells. 
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The genes of C elegans are easily accessed through powerful classical and 
molecular genetic tools. The sequencing of the C. elegans genome is also more 
advanced than that of any other animal and is a model for the Human Genome Project. 
Although most human disease genes that have been identified and cloned based on 
5 chromosomal position have no known function, the vast majority of these as well as 
most other human genes have C elegans homologs. These homologs can be rapidly 
analyzed using the above-mentioned approach to elucidate the functional biology of the 
homologous human gene. 

A striking conclusion from studies of C elegans is that the cellular and 
10 molecular mechanisms that operate in this nematode are strikingly similar to those that 
operate in more complex animals, including man. These similarities are so great that 
homologous human genes can function in nematodes and nematode genes can function 
in mammalian cells. Researchers are therefore using this nematode for numerous types 
of experiments related to the development of pharmaceutical agents for use in humans 
1 5 and other higher animals. 

Despite the potential power and speed of using multicellular organisms like C 
elegans current programs for rapid pharmaceutical drug discovery of not employ high- 
speed preparation techniques. As an example, with today's molecular biology 
techniques, a large laboratory can produce deletion mutations in multicellular 
20 organisms at a rate of 20 to 30 per month. To evaluate the effect of a chemical 
compound library (that frequently may contain 100,000 or more members) on a class 
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of mutated organisms, one must first manipulate and deposit a precise number of 
organisms in the same development stage into a container, such as the wells of a 
microtiter plate array. Organisms of different development stage must be excluded 
since they would convolute the measured response. 

5 Using slow, manual methods, the selection and deposition of organisms of the 

proper type is a bottleneck for the entire process of pharmaceutical discovery. If the 
test compounds are present as microspheres, then the accurate selection and dispensing 
of microspheres adds an additional bottleneck. Furthermore, manual methods rely on 
pipettes that dispense accurate volumes of fluid and not accurate numbers of 

10 organisms. In many studies where reproduction rate is altered by the mutation, it is 
necessary to begin the study of the effect of a compound from the combinatorial library 
with an exact, and known number of multicellular organisms in each well. Any 
selection system based on volume is liable to dispense inaccurate numbers of 
organisms because precisely uniform suspensions of organisms are impossible to 

15 maintain. In the same way if the test compounds are available as microspheres it is 
extremely difficult to place a controlled number of microspheres in each well. Further, 
the microsphere population may be mixed so ultimate results require not only precise 
counting but selection of microspheres— clearly an impossible task for simple pipettes. 

Flow cytometers have operational characteristics that make them adaptable to 
20 the problems of automating the selection and deposition of multicellular organisms and 
other large objects such as microspheres. Flow cytometers have been used to count the 
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number of nematodes in a given volume of fluid. Such a device was described by 
Byerly et al (Byerly, L., R.C. Cassada, and R.L. Russell, "Machine for Rapidly 
Counting and Measuring the Size of Small Nematodes", Rev. Sci. Instrum. Vol 46, 
No. 5, May 1975) where the flow cytometer utilized sheath flow to orient the 
5 nematodes along the direction of flow so that their length could be measured and 
organism-by-organism counts could be made by an electrical impedance method 
similar to that used in a commercial Coulter* counter. A flow cytometer for working 
with multicellular organisms is not limited to using an impedance sensor, but can be a 
more modern optically sensing flow cytometer. 

10 For example, an optical flow cytometer for analyzing elongate organisms such 

as plankton with widths of 500 |im and lengths over 1000 |im has been described in a 
number of published articles such as Peeters, J.C., G.B. Dubelaar, J. Ringelberg, and 
J.W. Visser, "Optical Plankton Analyser: a Flow Cytometer for Plankton Analysis, I: 
Design Considerations" Cytometry Sept 10 (5): 522-528 (1989); and Dubelaar, G. B., 

15 A.C. Groenwegen, W. Stokdijk, GJ. van den Engh, and J.W. Visser, "Optical 
Plankton Analyser: a Flow Cytometer for Plankton Analysis, II: Specifications 
Cytometry Sept 10 (5): 529-539 (1989). The size range of the plankton used in these 
optical flow cytometers is similar to that encountered with nematodes, fruit fly larvae, 
and zebrafish embryos. In all of these references, the multicellular organisms were 

20 merely analyzed but were not selected and deposited. Similarly, analysis of large 



WO 00/11449 



PCT/US99/19G35 



-7- 



microspheres with flow cytometers is routine as long as the cross-sectional area of the 
flow cell is sufficient to accommodate the microsphere. 

Selection and deposition of non-multicellular organisms and other, small objects 
with flow cytometers is well known. The method used to select and deposit specific 
5 organisms or objects (e.g. microspheres) on command from the flow cytometer 
consists of a mechanism to switch the direction of the flowing stream of organisms or 
objects that emerges from the flow cell of the flow cytometer so that analyzed objects 
can be specifically deposited in a microwell plate or similar container. Switching is 
performed at a fixed delay time after the flow cytometer has identified a desirable 
10 organism. The delay is typically in the time scale of a millisecond to tens of 
milliseconds. The most common method found in commercial cell sorters is 
electrostatic diversion of desired objects once they have emerged from an exit port in 
the flow cell into air. Electrostatic diversion is accomplished by charged plates that 
operate on a stream of droplets. 

15 However, electrostatic cell sorters are designed specifically for single cells and 

are not useful for sorting large objects such as nematodes, fruit fly larvae, zebrafish or 
large microspheres. This is because the flow cell of an electrostatic cell is mechanically 
vibrated at frequencies of tens of kilohertz to mechanically break the fluid stream into 
(charged or uncharged) droplets in air that are of the order of 50 nm in diameter. This 

20 size droplet is optimal for typical single cells with diameters of 5 jxm to 30 ^m, but it 
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is much smaller than most multicellular organisms, which are typically of the order of 
1 mm in length. The mechanical vibration step and the subsequent breakup of the 
stream into small droplets is typically lethal to multicellular organisms. The vibration 
frequency of an electrostatic cell sorter is not variable; therefore, one cannot change 
5 the droplet size to accommodate multicellular organisms. Furthermore the entire flow 
cell always vibrates at this frequency, making it impossible to create single droplets on 
command. 

In the case of large microspheres used in combinatorial chemistry there is no 
worry that mechanical vibration will damage the microsphere. Nevertheless, 

10 electrostatic sorters are unable to effectively select and deposit such large objects. This 
is a result of the geometry used with the electrostatic deflection plates. At the voltages 
commonly used static charge results in a deviation of only a few degrees. It is 
impossible to produce greater deviations by increasing the voltages because arching 
will occur. Adequate deviation to separate selected from rejected droplets is achieved 

15 by allowing the stream to fall a sufficient distance beyond the charged plates. In the 
case of the typical 50 nm droplet the droplets fall an additional 2.5 cm beyond the 
deflection plates. If the droplet size is doubled to 100 |um (still insufficient to 
accommodate a 100 jun combinatorial chemistry microsphere), the larger droplet has 
greatly increased mass which means that the angle of deviation is smaller; therefore, a 

20 longer fall distance is necessary to produce adequate deflection (i.e., the deflection 
angle is smaller). The net result is that 100 pm droplets require a fall distance of 20 
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cm. With such a large fall distance tiny instabilities in the flow stream are magnified 
into appreciable deflections. The microwells of the plates in current use may be on the 
order of one to a few millimeters in diameter. With a 20 cm fell distance current 
electrostatic sorters are unable to accurately hit such a small target. The problem 
5 becomes even more acute when the droplet size is increased farther to accommodate 
400 jim microspheres or multicellular organisms. With a droplet size of one-millimeter 
(the size necessary to cushion a typical nematode) the fall distance increases to about 
125 cm making it totally impossible to deposit droplets in target containers of even 
several millimeters diameter. 

10 Thus, electrostatic sorters are completely unsuited to multicellular organisms or 

other large objects. Even if the process does not kill or damage the organism, the 
deflection geometry makes it impossible to accurately deposit large objects* 



SU MMAR Y OF TH E I NVENT ION 

15 The invention features an instrument for selecting and accurately dispensing 

multicellular organisms and other large objects. The instrument uses hydrodynamic 
flow conditions in an alignment chamber to align elongate multicellular sample 
organisms and center organisms or objects in the center of a fluid flow stream after 
which they pass single file through a sensing zone which is preferentially within the 

20 chamber. In the sensing zone the aligned and centered objects are interrogated 
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preferably by a light beam. Optical detectors receive refracted, reflected, fluoresced 
and scattered light from the interrogated objects and output corresponding electrical 
signals. A signal processing computer system uses these signals to choose desired 
analyzed objects. A first fluid switch downstream of the sensing zone and outside of 
5 the chamber is responsive to signals developed by the computer system. When the 
switch is open, the flow stream containing the objects passes the switch and into a 
collection container. When the switch is closed, a fluid stream from the switch deflects 
the flow stream containing the analyzed objects and prevents it from reaching the 
collection container. 

,0 In preferred embodiments, the fluid switch can include a switched source of 

expressed gas having a gas output directed toward a location downstream from the 
^ and outside of the chamber. The swiped sctrrce of confessed gas can 
inch* a source of compressed gas and an electrical., ope«ed valve, such as a 
solenoid valve, to interrupt a gas stream from the source of compressed gas. The 
15 s^sourc* of oppressed gas ca^^ 

^ carrying objects from the sensing zone with sufficient force to convert the 
carrier fluid into a droplet spray. A sample source can be operative to supply a fluid 
carrying a sufficient low concentration of large sample objects tat the objects flow 
substantially one a. a time through the sensing zone. The fluid switch can be 
2 „ responsive to a delayed detection signal from the computer system. Tnc fluid - 
can „e operative to include on., predeKrmined amounu of fluid win, the seieaed 
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sample object. The computer system can be operative to cause the switch to select one 
object at a time, with each object being accompanied by a predetermined volume of 
fluid. 

An illumination source can be directed toward the sensing zone, with the 
5 detector being an optical detector. The computer system can be operative to determine 
the length of at least one of the selected objects by measuring the time that the at least 
one of the objects takes to pass between the detector and the illumination source. The 
detector can be an on-axis detector, located across the sensing zone along an 
illumination axis of the illumination source. The detector can be an off-axis detector 
10 generally perpendicular to an illumination axis of the illumination source. An on-axis 
detector can be located across the sensing zone along the illumination axis of the 
illumination source. The illumination source can be a focused low-power laser. The 
sensing zone can have a width of about 10-40 jam. The sensing zone can have a square 
cross-section. The output opening of the sample source can be separated from the 
15 sensing zone by a total conduit volume of less than 500 microliters. A second fluid 
switch downstream of the first fluid switch and outside of the chamber can dispense the 
selected objects into different containers. 

In another general aspect, the invention features a multicellular organism or 
large particle dispensing instrument that includes means for aligning the organisms or 
20 objects in a fluid stream in a direction parallel to a flow direction of the fluid stream, 
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me ans for detecting the presence of the organisms or objects in the fluid stream located 
downstream from the means for abgning, and means for selectively diverting portions 
of the fluid, with the means for selectively diverting being located downstream from 
the means for detecting, being outside of any chamber containing the means for 
5 aiigrringarribetagres^ 

In preferred embodiments, the multicellular organism and large object 
dispensing instrument can further include means for redirecting an output of the means 
for determining relative to a first container to thereby dispense further ones of the 
organisms into a second container. THe means for selectively diverting can be for 
10 including only a predetermined amount of fluid with each of the organisms selected. 

in a farther general aspect, the invention features a method of dispensing 
multiceUular organisms and large objects that includes centering and orienting the 
organisms or objects in a longitudinal orientation in a chamber, flowing the organisms 
in the longitudinal orientation through the center of a sensing zone with a carrier fluid, 
15 and detecting the presence of the organisms or objects in the sensing zone. At least 
some of the carrier fluid is diverted by means for diversion based on the step of 
detecting ones of the organisms or objects and ones of the organisms or objects 
remaining in portions of the carrier fluid that were not diverted are collected. The 
means for diversion are disposed outside of the chamber . 
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In preferred embodiments, the step of diverting can include a step of converting 
the carrier fluid into a droplet spray. The step of diverting can take place for a 
predetermined period of time for each of the detected organisms. The method can also 
include step of illuminating the sensing zone, with the step of detecting light from the 
5 step of illuminating. The step of detecting can employ an on-axis detector and an off- 
axis detector and combine signals from these detectors. The step of centering can 
include a step of conveying a sheath fluid past a nozzle. The step of conveying can be 
performed with a maximum Reynolds number of around one hundred. The method can 
further include a step of sorting the organisms or objects into a plurality of categories 

10 after the step of diverting, with the step of collecting placing the organisms or objects 
in a plurality of different containers. The method can further include the step of 
exposing the organisms collected in the step of collecting to a pharmaceutical agent, 
which may be borne by a large object. The step of dispensing the organisms can 
include dispensing predetermined numbers of nematodes into each of a number of 

15 containers. The step of flowing can introduce reference particles along with the 
nematodes. The step of dispensing can include dispensing only multicellular organisms 
having a particular characteristic into a given container. ^ 

In another general aspect, the invention features a dispensing instrument that 
includes a source of organisms or large objects, a sensing zone responsive to presence 
20 of organisms or objects, a detector directed toward the sensing zone, and a first 
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switched source of fluid having an output directed toward a location downstream from 
the detector and having a control input responsive to the detector. 

In preferred embodiments, the switched source of fluid can include a source of 
compressed gas and an electrically operated valve, such as a solenoid valve, toi 
interrupt a gas stream from the source of compressed gas. The switched source of fluid 
can be operative to interact with a fluid stream from the detector with sufficient force 
to convert fluid in the detector fluid stream into a droplet spray. The switched source 
of fluid is not contained within any flow chamber so as not to introduce fluidic 
instabilities. The switched source of fluid can be responsive to a delayed detection 
signal from the detector. The dispensing fluid switch can be operative to repeatedly 
leave predetermined amounts of detector fluid stream fluid undiverted. The dispensing 
instrument can further include a second switched source of fluid positioned to divert 
fluid left undiverted by the first switched source of fluid. 

In a further general aspect, the invention features a dispensing instrument that 
includes means for providing a fluid stream carrying objects, the means for providing 
being located within a flow chamber, means for detecting the presence of the objects in 
the fluid stream, the means for detecting being located downstream from the means for 
providing, and first means for selectively directing a gas stream toward the fluid 
stream to divert portions of the fluid, the means for selectively directing being located 
downstream from the means for detecting, outside of the chamber, and being 
responsive to the means for detecting. 
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In preferred embodiments, a second means can be provided for selectively 
directing an output of the first means for selectively directing, relative to a first 
container to thereby dispense portions of the fluid stream into a second container. The 
means for selectively diverting can be for including only a predetermined amount of 
5 fluid with each of the objects selected. 

In another general aspect, the invention features a dispensing method that 
includes feeding objects through the center of a sensing zone with a carrier fluid, 
detecting the presence of the objects, diverting at least some of the carrier fluid based 
on the step of detecting, and collecting ones of the objects remaining in portions of the 
10 carrier fluid. 

In preferred embodiments, the step of diverting can include a step of converting 
the carrier fluid into a droplet spray. The step of diverting can take place for a 
predetermined period of time for each of the objects. The step of diverting is 
physically removed from the step of detecting so as to avoid introducing fluidic 

15 instability. The method can further include a step of sorting the objects into a plurality 
of categories after the step of diverting and the step of collecting can collect the objects 
in a plurality of different containers. The method can further include the step of 
exposing the objects collected in die step of collecting to a pharmaceutical agent. The 
step of dispensing the objects can include dispensing predetermined numbers of the 

20 objects into each of a number of containers. The step of feeding can feed reference 



WO 00/11449 



PCTYUS99/19035 



-16- 



particles with the objects. The step of dispensing can include dispensing only objects 
having a particular characteristic into a container. 

Systems according to the invention can help to accelerate and reduce the cost of 
pharmaceutical development. By rapidly sorting and depositing large numbers of live 
5 populations with particular characteristics, a sorting instrument according to the 
invention can allow many compounds to be tested on the sorted organisms in a given 
time period. By permitting particular types of multicellular organisms to be selected 
from large populations, individuals with infrequent mutations can be collected and 
studied more quickly. By permitting the selection and accurate deposition of large 
10 microspheres bearing test compounds the test organisms and test compounds can be 
rapidly and accurately combined. As a result, more experiments can be performed in 
the same amount of time, and these experiments can be performed at a lesser expense. 



BRIEF PKSCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a general diagrammatic sketch of the analysis and dispensing system 

of the present invention; 

Fig. 2 is a block diagram of a large object dispensing system according to the 
invention; 
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Fig. 3 is a diagrammatic cross-section of a flow cell for use in the system of 

Fig. 2; 

Fig. 4 is a diagram illustrating the alignment of elongate sample organisms in 
the sheath flow cell of Fig. 3 ; 

5 Fig. 4A is an axial cross-section of a sensing chamber of a flow cell and 

detector for the system of Fig. 2; 

Fig. 4B is a longitudinal cross-section of the sensing zone of the flow cell and 
detector for the system of Fig. 2; 

Fig. 6 is a longitudinal cross-sectional diagram illustrating the relationship 
10 between a nematode and an optical sensing zone of a sheath flow cell for the system of 
Fig2; 

Fig. 7 is diagrammatic plot of voltage against time for a light blocking signal in 
the system of Fig. 2; 

Fig. 8A is a block diagram of a first alternative fluid drive system for the 
15 system of Fig. 2; 

Fig. 8B is a cross-sectional diagram of a syringe for the system of Fig, 8A; 

Fig. 9 is a block diagram of a second alternative fluid drive system for the 
system of Fig. 2; 
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Fig. 10A is a diagrammatic plot of voltage against time for a light blockage 
signal produced by an adult nematode and a coincident egg; 

Fig. 10B is a diagrammatic plot of the derivative of the signal of Fig. 10A; 

Fig. 1 1 is a flow chart illustrating the overall operation of the system of Fig. 1 ; 

5 Fig. 12 is a diagrammatic cross-section of sections of an embodiment of the 

large object dispensing system of Fig. 1; and 

Fig. 13 is a diagram illustrating nematode flow over time and corresponding 
electronic signals for one nematode on a different scale, for the dispensing system 
portions of Fig. 12. 

10 DETAILED DESCRIPTION 

OF THE PREFERRED EMBODIMENTS 

The following description is provided to enable any person skilled in the art to 
make and use the invention and sets forth the best modes contemplated by the inventor 
of carrying out his invention. Various modifications, however, will remain readily 
15 apparent to those skilled in the art, since the general principles of the present invention 
have been defined herein specifically to provide a device for selecting and depositing 
elongate multicellular organisms or other large objects using a high speed fluidic 
switch and controlled fluid stream to deflect unselected organisms. 
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This application refers repeatedly to large objects and multicellular organisms. 
By "large" is meant objects or organisms significantly larger than those analyzed and 
sorted by a traditional electrostatic sorter which normally sorts objects on the order of 
10 \im diameter with droplets on the order of 50 jam diameter. Large objects are larger 
5 than 50 ^m diameter and preferably have at least one dimension ranging between 70 
and 500 \xm or larger. The droplet sizes employed with the current invention are at 
least 100 |im in diameter and preferably 1 mm in diameter. Thus, "large" objects are 
at least one order of magnitude larger than those handled by traditional electrostatic 
sorters. 

10 Figure 1 shows an extremely diagrammatic representation of the instrument of 

the present invention. Attention should be paid to the salient elements of the present 
invention. Large sample objects from a source 46 are centered and aligned in a fluid 
stream in a flow chamber 16 by hydrodynamic focussing. Detectors detect 
characteristics of sample objects in the flow stream. Down stream from the detectors 

15 and physically isolated from the detectors to avoid propagation of fluidic instabilities a 
control stream of fluid under the control of an electronic valve 20 diverts portions of 
the sample stream not desired. Sample stream portions containing sample objects 
meeting predetermined characteristics are not diverted and pass into one of a plurality 
of indexable containers 82. 
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Referring to Fig. 2, a dispensing system 10 for elongate, multicellular, 
invertebrate animals, such as nematodes, or for other large objects includes a sheath 
fluid drive system 12, a nematode fluid drive system 14, a sheath flow cell 16, a 
detection system 18, a sorting actuator 20, a container actuation system 22, and a 
5 diagnostic and control processor 24. The sheath fluid drive system includes a first 
stage regulator 30 that has an input opening for a pressurized gas source, such as a 25- 
30 psig nitrogen or a compressed air source. A second stage regulator has an input 
connected to the first stage regulator and an output delivering gas at a regulated 
pressure to a sheath fluid reservoir 34. An electronic level sensor 35 controls a sheath 
10 fluid input line 33 to maintain a constant level in the reservoir. A particle filter 36 is 
connected between an output of the sheath fluid reservoir and an input opening 38 of 
the flow cell to prevent any particles in the sheath fluid from passing into the flow cell. 

A sample fluid drive system similarly includes a first stage regulator 40 
connected to a pressurized gas source, such as a 25-30 psig pressurized nitrogen or air 

15 source. A second stage regulator 42 is connected between the first stage regulator 40 
and an input of a sample pressure vessel 44, which is sealed with a clamped cap 50. 
The sample pressure vessel 44 includes a sample storage reservoir 46 mounted on a 
mixing device 48. The multicellular sample organisms such as nematodes are placed 
into the sample storage reservoir 46. The mixing device 48 can be a magnetic stirrer 

20 that includes blades that produce an upwelling in the fluid containing the suspended 
sample organisms or objects. An outflow line is provided between the sample storage 



WO 00/11449 



PCT/US99/19035 



-21- 



reservoir 46 and a sample feed input 52 of the flow cell 16. The flow cell 16 includes a 
sample feed chamber 54, a sheath fluid chamber 56, and a sensing chamber 58. To 
operate effectively in commercial settings, the dead volume in the outflow line and 
flow cell should be low, such as less than 500 microlitres. 

5 The detection subsystem 18 includes a source 60 and a detector 62 placed on 

either side of the sensing chamber 58. The source can be an optical source, such as a 
laser (e.g., a semiconductor laser or a helium-neon (HeNe) laser). The source can also 
be a non-optical source, or it can even be omitted, such as when chemiluminescent, 
phosphorescent or radioactive markers are used on the organisms or objects 

10 themselves. The preferred embodiment uses an optical detector but may be readily 
supplemented with an additional detector for non-optical radiation, magnetism or other 
physical properties that may distinguish organisms or other analyzed objects. An 
optical detector can be a photodiode, or any other suitable type of optical or non- 
optical detector. A second, off-axis detector can also be provided, such as to detect 

15 light scattered from the sensing chamber at right angles. The off-axis detector is 
located generally perpendicular to an illumination axis of the source. 

The sorting actuator 20 can be a switched source of fluid. An example would 
be a high-speed valve that switches air from a pressurized air source. High-speed 
valves made for ink-jet printing applications have appropriate characteristics. Suitable 
20 valves of this type include the Inka series (e.g., INKA4004212H) miniature solenoid 
valves, available from the Lee Company of Westbrook, Connecticut. These valves can 
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operate from a low voltage source at rates of up to 1200 Hz, easily allowing the 
system to handle rates of 50 sample organisms per second or better, although rates of 
10 or 20 organisms per second are relatively satisfactory for dispensing into 96-well 
plates. An extremely important aspect of the current invention is the placement of the 
5 actuator 20. The objects to be analyzed and deposited are oriented and preferably 
detected within a flow chamber; the actuator 20 must be placed down stream and 
outside of this flow chamber so that the diversion process is physically isolated from 
the chamber. Otherwise fluidic disturbances introduced by the diversion process would 
prevent analysis and selection of large objects at any reasonably high speed. 

10 A gutter 21 is placed across from the actuator in such a way as to catch animals 

or objects that are deflected when the actuator is in its open state. In summary when 
die actuator is closed, die sample stream containing the sample organisms passes 
through the flow cell and into the collection container such as a microwell of a 
microtiter plate. When the actuator is open, the sample stream is diverted in the gutter 

15 21 and does not reach the microwell. Clearly, such a deflection process operates 
optimally when the deflection occurs outside of and away from the flow chamber. 

The container actuation system 22 includes a plate 80 (e.g., a microtiter plate) 
that includes a plurality of containers 82A...82N (e.g., microwells) into which the 
system dispenses the sample organisms. The plate is mounted on a plate actuator 84 
20 that includes a drive mechanism. The drive mechanism successively places the 
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containers of the plate in the outflow path of the flow cell 16. The drive mechanism is 
under control of the diagnostic and control processor 24. 

The diagnostic and control processor 24 includes an acquisition interface 70 
having an input responsive to the detector 62. It also includes a general-purpose 
5 operating module, and one or more protocol modules 76, 78, 80. A keyboard 82 (or 
similar data input means) is operationally connected to the computing system that also 
drives a display 84. The diagnostic and control processor 24 also includes a control 
interface 72 that can provide an actuator control signal to the actuator 20 and a source 
control signal to control the source 60. 

10 The diagnostic and control processor 24 can include dedicated hardware, 

special-purpose software running on a general-purpose computer processor, or a 
combination of the two. The decision to implement any specific functionality using a 
particular approach will be based on a number of economic and technical 
considerations and tradeoffs. For example, the acquisition interface 70 can filter and 

15 condition the signal received from the detector 62 using either analog circuitry or 
software signal processing routines or a hardware DSP (digital signal processor). The 
objectives of the system may also be met by variants of the architecture shown. For 
example, the plate actuator might be controlled by a controller that is independent of 
the diagnostic and control processor, such as a dedicated fill-level detector. Changes 

20 may also be made to the hydraulic portions of the system without impacting its 
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ftinctionality or objectives as long as certain points are observed: the fluidic diversion 
process must be physically isolated from the orientation and detection processes. An 
optimal method of achieving this isolation is to place the fluidic diversion downstream 
and outside of the flow chamber where the fluidic diversion operates on a sample 
5 stream in air. This makes it impossible for fluidic instabilities caused by the diversion 
process to be transmitted upstream into the detection zone where they would disrupt 
the entire process. 

Referring to Figs. 2 and 11, operation of the system 10 begins with user 
selection of a protocol for a particular dispensing operation (step 100). This can be 

10 accomplished by calling one of the protocol modules 76, 78, 80, which handle 
different types of operations. For example, a simple counting module allows the 
system to dispense a fixed number of sample organisms into each of the containers 
82A...82N. A more sophisticated counting operation may count the organisms while 
eliminating undesirable material such as eggs, etc.. Even more elaborate protocols can 

15 detect the characteristics of individual organism or particles and only select those with 
particular developmental, genetic or other characteristics, such as by detecting a 
radioactive or fluorescent marker on the organism or particle or by detecting a 
particular size or shape of the object. Still more complex protocols allow parts of the 
system to sort objects into two or more subpopulations, while also rejecting 

20 undesirable material (e.g., organisms of the wrong stage or type or debris or particles 
of the wrong size, etc.). 
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The first step specified by the protocol is to acquire from the detector 62 a 
signal that represents the interaction between light from the source 60 and sample 
objects in the sensing chamber 58, when an optical detection scheme is employed (step 
102). The diagnostic and control processor 24 then performs signal processing 
5 operations, such as filtering, on the acquired signal to enhance the detection of sample 
object (step 104). The computer system tests the processed signal for a detection 
condition, until a target object is found (step 106). The detection condition may be 
different for different protocols. For example, the computer system may only seek 
animals without coincident eggs, or other debris. Alternatively, it may require that a 
10 sample organism or particle meet particular size or shape criteria. 

Different types of detectors may also be associated with different detection 
conditions. For example, a radiation counter may need to sense a radiation level 
threshold to detect a radioactive marker in an animal. A magnetic sensor may detect 
magnetic particles used in combinatorial chemistry. Alternatively, an optical detector 

15 may need to sense a particular level of light to detect a bioluminescent, 
chemiluminescent, phosphorescent or fluorescent marker. When the computer finds a 
target object that meets the proper criteria, the valve of the sorting actuator 20 
interrupts the gas flow that is directed at the sample stream exiting the flow cell 16 
(step 108) for a predetennined period of time corresponding to the target object's 

20 length. This prevents the target object from being accidentally blown into the gutter 
21 . If this is not the last object needed in a particular container, the system continues to 
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acquire, process, and test the signals either until another target object is detected, until 
a timer expires, or until an error signal is encountered (step 110). When the system 
reaches the target count for the container, and other containers remain to be filled (step 
112), the control interface 72 of the computer system 24 instructs the plate actuator 84 
5 to advance the plate 80 (step 114). After the plate has been advanced, the signal is 
again acquired, processed, and tested to select objects to dispense into the next 
container. 

More complex protocols can operate a pair of sorting actuators, 20', or a multi- 
level actuator, to direct target objects to three or more destinations, such as either a 
10 vessel, a first gutter 21, or a second gutter 2V placed downstream from the first gutter 
21 (see dashed lines in Fig. 1). In this type of configuration, the system can readily 
separate a population of sample objects into two subpopulations, while also rejecting 
undesirable material. Again, both sorting actuators are down stream from and outside 
of the flow chamber so that the sorting process cannot introduce fluidic instabilities. 

15 Referring to Figs. 3 and 4, the flow cell 16 is constructed to center and align 

the elongate sample organisms in the detection chamber. Differing velocities within the 
fluid in the flow cell cause die organisms to become aligned with the flow direction. 
This happens because fluid flowing further from the center of the cell (e.g. 86) moves 
at a fester rate than fluid flowing closer to the center of the cell 87 (e.g. fluid along 

20 line 88). This velocity difference causes the organisms to become aligned in almost all 
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instances. Although occasional folding of the sample organisms may occur, such, 
organisms can be rejected by the sorting mechanism. 

The aligning effect of the flow cell 16 can be pictured by imagining a strand of 
limp spaghetti being moved through water by an intersecting smooth rod. The 
5 spaghetti will virtually always straighten out and slip off the rod because of the 
unbalanced drag on the longer end of the strand. The only case where this does not 
occur is when the rod is exactly in the middle of the strand. 

The flow cell 16 is configured to cause the sheath flow liquid to flow past the 
opening of the sample organism feed tube 54 at a rate that maintains the Reynolds 

10 number of the sheath fluid below about one hundred. Keeping the Reynolds number 
below about one hundred ensures that the flow is laminar and without Van Karman 
instability, which helps to keep the sample organisms centered in the sensing chamber. 
The Reynolds number is computed by treating the edge 55 of the opening of the 
sample flow tube 54 as a bluff object. The hydrodynamics of bluff objects are 

15 discussed in, for example, sections 9. 1-9.2 of "Principles of Heat Transfer," by Frank 
Kreith, International Textbook Company, Scranton, PA, 1966, which is incorporated 
herein by reference. 

It is important to center the sample organisms in the flow stream because the 
velocity of the fluid is not the same across the diameter of the sensing chamber 58. 
20 Since fluid viscosity, density, and velocity used in the system are selected to give rise 
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to laminar flow, the velocity profile is parabolic in the detection cell. This means that 
the velocity is a maximum and roughly constant over a reasonably broad region of the 
center of the cell, and is zero at the boundary between the fluid and the cell wall. As a 
result, centered sample organisms will all flow at a single velocity and not pass one 
5 another or "bunch" together. If the organisms were not centered, those near the wall 
could flow more slowly than those at the center, which could result in "coincidence 
counting" (e.g., more than a single organism at a time passing the sensing zone) even 
when the dilution of organisms in the sample organism chamber has been calculated to 
avoid such coincidence. Lack of centering could also mean that, after detection, an 

- 

10 organism near the wall might travel so slowly that other organisms could pass it, enter 
the fluid space that was reserved for the slower organism, and be incorrectly 
dispensed. There is essentially no mixing of the sample fluid with the sheath fluid until 
the two are dispensed into die container. 

Referring to Figs. 5A, 5B, and 6, the sensing chamber 58 has a square cross- 
15 section. This shape makes the cell easy to align optically, and it should stay in proper 
alignment for months without operator intervention. The shape of the beam in the focal 
region, or "sensing zone," is extremely important. The beam should be broad in the x 
direction, (i.e., along the beam) and narrow in the z direction (i.e., along the 
horizontal axis). From the standpoint of optical kinematic design, the only difficult 
20 alignment direction in the system is in the x direction, which is why a broad, forgiving 
beam is used in this dimension. A sharp focus (Fig. 5B) in the z dimension permits the 
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system to measure a sample organism along its axis (length) by measuring its "time of 
flight" through the sensing zone. In one embodiment, optimized for organisms 
approximately 70 nm in diameter, the optical sensing zone is 20 \im thick in the z 
direction, and the sensing chamber is 300 jim wide in the x and y directions. The 

5 relative positions of the source 60, the sensing chamber 58, and the detector 62 cause 
the detector to measure light blockage. When a sample organism passes into the 
sensing zone, some light will be scattered out of the beam (major effect), while some 
light will be absorbed (minor effect). Both of these effects cooperate to lower the light 
level at the detector when an organism passes through the sensing chamber. The drop 

10 in the light passing from the source to the detector can be readily registered as a count 
by an electronic threshold detector, and passed onto the processor 24, or even to a less 
sophisticated device, such as a counter. Noise generated in the laser and the detector 
should not be a consideration in the detection of objects as large as multicellular 
sample organisms. 

15 The system can use detector pulses to simply count and activate a dispensing 

command, but pulses can also be used to size the sample organism. Sizing is not 
quantitatively essential in a sample population that has been purified by a gradient, but 
it is nevertheless important to set a size threshold to separate background debris from 
the target organisms. The presence of an object is sensed by a drop in voltage from the 

20 detector, which persists as long as the object is in the sensing zone (see Fig. 7 where 
the width 93 of the detected pulse 91 is representational of organism dwell time in the 
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sensing zone). If the object speed (i.e., the fluid speed at the center of the sensing cell) 
and the time duration of the negative-going pulse are known, the processor can 
calculate the length of the object (particularly valuable with elongated multicellular 
organisms). 1 

5 Fluid speed can be maintained by precision mechanical design, or, less 

expensively, by seeding the fluid with a very low concentration of small polystyrene 
microspheres and then detecting the light extinction signal from these microspheres 
while the sample organisms are being counted. The organisms and microspheres can 
be made to have completely distinguishable light extinction signals that can be acted 

10 upon differently by the computational electronics, even if a sample objects and a 
microsphere pass through the sensing zone together. The introduced microsphere's 
time of flight is not used to regulate the fluid speed, which tends to be expensive and 
difficult, but only to change the computational parameters used to calculate the sample 
organism length. The biological effect of the plastic microspheres may be detrimental 

15 to certain species or to downstream processes, and should therefore be evaluated 
carefully before implementation. 

If there is a good biological correlation between the length and diameter of the 
organism, the time-of-flight length measurement may yield sufficient size information. 
If this correlation does not exist in the population of interest and microspheres cannot 
20 be used, the organism's diameters can be measured by a second detector positioned 
off-axis in the x-direction. This detector will register an electronically positive-going, 
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light-scatter pulse. The amplitude, as opposed to the duration, of the electronic pulse 
can be related in real time to the diameter of the sample organism via a set of light 
scattering equations stored in the computer system. The light extinction signal from the 
on-axis detector and the light scatter signal from the off-axis detector can be combined 
5 by the computer to give a real-time calculation of all dimensions of the sample 
organism. Of course, different types of organisms (e.g., nematodes versus fruit fly 
larvae) will require somewhat different prestored scattering information. 

Referring to Figs. 10A and 10B, the light scattering theory usually applied to 
objects in flow cytometry is termed Rayleigh-Gans, or anomalous diffraction, theory. 

10 It applies to objects that are large compared to the source wavelength and that exhibit a 
low refractive index relative to the surrounding medium, which is water in this case. 
Using this theoretical treatment as a first approximation, the processor can use the 
assumption that light blockage signals follow the area of geometric shadow for the 
sample organisms. In the case of nematodes the sample population may include adult 

15 worms, larvae, and eggs. Under this assumption, the temporal signal for an adult 
nematode and an egg together would appear as shown in Fig. 10A. Standard electronic 
methods can be applied to such a signal to distinguish between an adult nematode 
signal and one that is coincident with an egg. For example, computing the derivative of 
a blockage signal, as shown in Fig. 10B, allows an adult-egg coincidence to be more 

20 readily detected; for example, an odd number of pulses in a pulse train is indicative of 
a coincidence. It is noted that even though the nematodes are too large in diameter to 
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be accurately handled by Rayleigh-Gans, or anomalous diffraction, theory, this 
treatment may be sufficient for many purposes. More detailed models could also be 
developed to obtain more information about the nematodes or other multicellular 
sample organisms. Overall, optical detection is particularly versatile in measuring the 
5 size and shape of sample organisms or other large objects. 

Referring to Figs. 8A, 8B, and 9, although the fluid design presented in Fig. 2 
is inexpensive and easy to clean, other fluid designs also present advantages. In a first 
design alternative, the sheath vessel is pressurized, and the sample (nematode) flow is 
driven by a syringe pump 90 (see Fig. 7A). The cost of such a system is higher and 

10 clean-out may be more difficult, but this alternative exhibits greater flow stability 
which allows the flow velocity to be more tightly regulated, which may make 
microspheres unnecessary while providing more accurate size discrimination. The 
syringe barrel in this alternative design can be rotated to keep the sample organisms in 
suspension (see Fig. 7B.) This can be accomplished most readily by rolling the barrel 

15 back and forth (oscillatory rotation) because there is no need for a rotating fluid seal. A 
ribbed interior to the syringe barrel may also facilitate mixing. 

In a second alternative approach, a syringe 92 is provided with a rigid sample 
(nematode) chamber 94 through a system of check valves 96, 98 (see Fig. 9). In this 
alternative system, sample organisms are not drawn actually into the syringe barrel, 
20 but are instead held in the rigid chamber 94. A sample organism-friendly fluid without 
organisms is drawn into the syringe periodically through the check valves and mixing 
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takes place outside the syringe as the fluid enters the chamber 94 (which is equipped 
with mixers to keep the organisms in suspension. This alternative method of operation 
does not require syringe changes to replenish the organism supply. Both of these 
alternative approaches can use ordinary disposable plastic syringes. 

5 The alternative designs may be less likely to produce significant pressure 

transients in the fluid lines. Such pressure transients could slow down or shut off 
sample flow in the flow cell all together and result in a period during which organisms 
are not centered and not oriented. In the fluidic system presented in Fig. 2, methods of 
stirring the organisms should be chosen to keep them in suspension without introducing 

10 significant pressure transients. Magnetic stirrers producing upwelling are available, 
and may be the simplest solution. A roller bottle or Archimedes screw configuration 
does not introduce fluidic noise and provides effective suspension of the sample 
organisms. The fluid lines in the storage vessel should not move during operation, and, 
for this reason, the flow cell should remain stationary while the plate moved to effect 

15 changes in container position. While very stable, the sample containers in the 
alternative embodiments must be ultimately refilled, which can result in down time for 
the system as compared to the device of Fig. 2 where the sample can rapidly be 
replenished. 

Referring now to Fig. 12, one embodiment of the sensing chamber 58 can be 
20 made of an upright quartz rectangular parallelepiped with a 250 [im diameter capillary 



WO 00/11449 PCT/US99/19035 

-34- 

passing through its longitudinal axis and defining a sensing zone. Note that although 
the square cross-section is preferred, it is also possible to use other sensing chamber 
geometries, or even to omit the sensing chamber walls altogether, leaving only an open 
sensing zone. The fluid output of the actuator 20 is preferably located less than about 

5 one centimeter below the oudet of the capillary and at about one millimeter from the 
undisturbed position of the liquid flow. It is important that the actuator 20 be located so 
as not to introduce fluidic instabilities into the flow stream. The one millimeter 
dimension has been found to be optimal for this embodiment, because it appears to 
result in atomization of the fluid rather than a deflection of the flow, which tends to 

10 result in flow disturbances. The actuating fluid flow direction is aimed substantially at 
right angles to the sample fluid flow. 

Referring to Fig. 13, the flow of sample organisms (here nematodes) 120A, 
120B, ... 120N over time tends to be irregular. Simply dispensing groups of them 
while leaving the actuator valve deactivated may result in different volumes of liquid 

15 being conveyed with different groups. For this reason, the valve is deactivated only 
when one of the nematodes is present. When a nematode (e.g., 120D) is detected in 
the capillary, a peak detect signal 122 is derived from the output of the detector. After 
a travel period 124 that is related to the travel time of the nematode from the detector 
beam to the actuator and to the response time of the actuator, the actuator is turned off 

20 (edge 128). The actuator is then kept off for a pass period 126, turned on (edge 130), 
and left on until a peak detect signal is detected for the next nematode. This timing 
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allows the nematode and a predetermined amount of surrounding liquid 121B to pass 
into the vessel below, but prevents excess liquid from entering the vessel. In one 
embodiment the travel period is four microseconds, and the pass period is adjustable 
from four to ten microseconds. The system can also be programmed to pass more than 
5 one nematode in each pass period. Typically, the organism is encased in a cylindrical 
fluid segment that is several millimeters in length and approximately 0.2 millimeters in 
diameter. The volume of the fluid segment containing the organism is of the order of 
magnitude of one microliter or slightly less. Therefore, if only one or a few organisms 
is dispensed into each microwell, the dilution effect on a test sample of 50-100 
10 microliters is negligible. 

Ensuring that a only predetermined amount of liquid accompanies a population 
of sample organisms is beneficial for several reasons. It may be difficult to accurately 
meter similar doses of test substances into different containers if there are different 
amounts of liquid in each of the containers. Longevity and activity of the sample 
15 organisms may also be affected, since increasing the amount of liquid in each container 
increases the volume-to-surface area ratio for the container, which can affect oxygen 
uptake for the sample organism. Making large, single, elongate droplets that each 
contain a single sample organism also helps to avoid injury to the organism as it is 
dispensed. 

20 Other methods may also be suitable for diverting the fluid flow. Such methods 

may include the use of electrostatic, piezoelectric, ferrofluidic, or other suitable fluid 
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switches. In order to keep the sample organisms alive, however, these methods must 
be carefully tailored. For example, experiments with electrostatic switching 
arrangements appear to indicate that exposing multicellular organisms such as 
nematodes to high frequency mechanical vibrations used to break-the flow stream into 

5 variably charged droplets and to the high intensity electric fields used to deflect those 
droplets is frequently lethal to the organisms. As a result, the electric field levels and 
vibration levels for this type of switch would have to be reduced at the expense of 
other system parameters to act as a suitable switch for multicellular organisms. Even 
then the analysis presented above indicates that the great fall distances required for 

10 adequate deflection of large (e.g., greater than about 50 fim ) droplets essentially 
precludes the use of electrostatic sorting methods with large objects. Ferrofluidic 
additives may also prove detrimental to the sample organisms or interact with agents to 
be tested on the organisms, so the effect of any such additive must be carefully 
evaluated before its selection. Further, the addition of a ferrofluidic material adds to 

15 expense and experimental complexity. Piezoelectric valves, such as those presented in 
"A New Fluid Switching Flow Sorter/ by J. Duhnen et aL, Histochemistry 77:117, 
(1983), introduce substantial shock waves into the fluid and may therefore also result 
in injury to multicellular organisms. The transducer's mechanical output level, the 
geometry of the sorter, and the switching margin must therefore be adjusted to suit the 

20 population to be sorted. For the reasons discussed above, the use of a fluid valve is 
presently contemplated to be the most appropriate approach to diverting the fluid flow 
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for multicellular organisms. Again, it is important that the fluid valve be physically 
isolated from the flow orientation and detection systems to avoid introducing fluidic 
instabilities that would impair orientation and detection. In many of the described 
examples the diverting fluid is a gas, namely air. It is clear that other gases such as 
5 nitrogen or argon can be readily substituted for air. It is also contemplated that other 
fluids such as liquids may be used in the present invention. 

Other types of objects can be sorted using techniques described in this 
application, elongate, multicellular animals are of particular interest. For example, live 
fruit fly larvae (Drosophila melanogaster) have been successfully dispensed using these 

10 techniques. It is also believed that these techniques are well suited to dispensing and 
sorting the elongate embryos of zebrafish (Dcmio rerio). Obviously other multicellular 
organisms of similar sizes such as additional nematode or other worms, insect larvae, 
other arthropod or molluscan or vertebrate larvae are equally useable in the present 
invention. Nor should embryos of various plants be overlooked for testing compounds 

15 of agricultural rather than pharmaceutical use. Apart from multicellular organisms, 
large microspheres used in combinatorial chemistry to produce libraries of test 
compounds are preferred objects to be analyzed and deposited by the instrument of the 
present invention. 

In addition to the equivalents of the claimed elements, obvious substitutions 
20 now or later known to one with ordinary skill in the art are defined to be within the 
scope of the defined elements. The claims are thus to be understood to include what is 
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specifically illustrated and described above, what is conceptually equivalent, what can 
be obviously substituted and also what essentially incorporates the essential idea of the 
invention. Those skilled in the art will appreciate that various adaptations and modifi- 
cations of the just-described preferred embodiment can be configured without 
departing from the scope and spirit of the invention. The illustrated embodiment has 
been set forth only for the purposes of example and that should not be taken as limiting 
the invention. Therefore, it is to be understood that, within the scope of the appended 
claims, the invention may be practiced other than as specifically described herein. 
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CLAIMS 

WhatTs Claimed Is: 

1. An instrument for analyzing and selectively dispensing 
sample objects greater than about 50 jam in diameter comprising: 

a sample object source containing sample objects greater than 
about 50 |im in diameter in a fluid suspension, said 
source having an output opening; 

an alignment chamber having a input opening in fluidic 
communication with the output opening of the object 
source and having an output opening; 

a sample object sensing zone in fluidic communication with the 
output opening of the alignment chamber, said object 
sensing zone having an output; 

a sample detector responsive to presence of sample objects in 
the sensing zone, and 

a fluid switch downstream of the output of the sample object 
sensing zone and physically isolated from the sample 
object sensing zone and the alignment chamber to 
prevent introduction of fluidic instabilities therein, said 
switch responsive to the sample detector to allow 
detected objects to pass to a sample container. 
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2. The instrument of Claim 1, wherein the fluid switch 
includes a switched source of fluid having a fluid output directed toward a 
sample stream in air, said sample stream in fluidic communication with the 
output of the sample object sensing zone. 

5 3. The instrument of Claim 2, wherein the switched source 

of fluid comprises a source of compressed gas and an electrically operated 
valve to interrupt a gas stream from the source of compressed gas. 

4. The instrument of Claim 3, wherein the switched source 
of fluid is operative to interact with the sample stream with sufficient force to 

10 convert said stream into a spray of droplets. 

5. The instrument of Claim 1, wherein the fluid switch is 
responsive to a delayed detection signal from the sample detector. 

6. The instrument of Claim 1, wherein the fluid switch is 
operative to include only predetermined amounts of fluid with detected objects 

1 5 passing to the sample container. 

7. The instrument of Claim 1 further comprising a controller 
connected between the sample detector and the fluid switch and operative to 
cause said switch to select one sample object at a time. 
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8. The instrument of Claim 1, wherein the alignment 
chamber has an Input opening for a sheath fluid. 

9. The instrument of Claim 8, wherein a relationship 
between the alignment chamber and the output of the sample source is 

5 defined to maintain a Reynolds number of about one hundred or less between 
said output opening and a volume of the sensing zone. 

10. The instrument of Claim 1 further comprising an 
illumination source directed toward the sensing zone, and wherein the sample 
detector is an optical detector. 

10 11. The instrument of Claim 10 further comprising a 

processor operative to determine the length of at least one of the sample 
objects by measuring the time that the at least one of the sample objects 
takes to pass between the detector and the illumination source. 

12. The instrument of Claim 10 further comprising an off-axis 
15 detector, located across the sensing volume along an illumination axis of the 

illumination source. 

13. The instrument of Claim 12 f wherein the off- axis detector 
is generally perpendicular to an illumination axis of the illumination source. 
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14. The instrument of Claim 10, wherein the illumination 
source is a focused low-power laser. 

15. The instrument of Claim 10, wherein the sensing zone 
has a width of about 1 0-40 jim. 

16. The instrument of Claim 10, wherein the sensing zone is 
defined by a set of walls having a square cross-section. 

17.. The instrument of Claim 1, wherein the output of the 
sample object source is separated from the sensing zone by a total conduit 
volume of less than 500 microliters. 

18. The instrument of Claim 1 further comprising a second 
fluid switch downstream of the fluid switch, for dispensing the sample objects 
into different containers. 

19. An instrument for analyzing and selectively dispensing 
sample objects greater than about 50 ^im in diameter comprising: 

means for aligning the sample objects in a fluid stream, in a 
direction parallel to a flow direction of the fluid stream; 

means for detecting the presence of the sample objects in the 
fluid stream, the means for detecting being located 



WO 00/11449 



PCT/US99/19035 



-43- 

downstream from the means for aligning with respect to 
the fluid stream, and 
means for selectively diverting portions of the fluid, the means 
for selectively diverting being located downstream from 
the means for detecting with respect to the fluid stream, 
being physically isolated from said means for detecting so 
that fluidic instabilities cannot be transmitted from the 
means for selectively diverting to the means for detecting, 
and being responsive to the means for detecting. 

20. The instrument of Claim 19 further comprising means for 
redirecting an output of the means for determining relative to a first container 
to thereby dispense further ones of the sample objects into a second 
container. 

21. The instrument of Claim 19, wherein the means for 
selectively diverting includes only a predetermined amount of fluid with each 
sample object selected by the means for selectively diverting. 

22. An instrument for analyzing and selectively dispensing 
sample objects comprising: 

a source of objects having an output; 
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a sensing zone responsive to sample objects from the output; 
a detector responsive to sample objects in the sensing zone; 
and 

a switched source of compressed gas having a gas output 
5 directed toward a location downstream from the detector, 

being physically isolated from the detector to prevent 
transmissions of fluidic instabilities to the detector, and 
having a control input responsive to the detector. 

23. The instrument of Claim 22, wherein the switched source 
10 of compressed gas includes a source of compressed gas and an electrically 

operated valve to interrupt a gas stream from the source of compressed gas. 

24. The instrument of Claim 22, wherein the switched source 
of compressed gas is operative to interact with a fluid stream from the 
detector with sufficient force to convert the fluid stream into a spray of 

15 droplets. 

25. The instrument of Claim 22, wherein the switched source 
of compressed gas is responsive to a delayed detection signal from the 
detector. 
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26. The instalment of Claim 22, wherein the switched source 
is operative to repeatedly leave predetermined amounts of fluid undiverted. 

27. The instrument of Claim 22, further comprising a second 
switched source of compressed gas positioned to divert fluid left undiverted by 

5 the switched source of compressed gas. 

28. The instrument of Claim 22, wherein the source of objects 
is a source of elongate, multicellular animals. 

29. An instrument for selectively dispensing sample objects 

comprising: 

10 means for providing a fluid stream carrying sample objects; 

means for detecting the presence of the sample objects in the 
fluid stream, the means for detecting being located 
downstream from the means for providing with respect to 
the fluid stream; and 

15 first means for selectively directing a gas stream toward the fluid 

stream to divert portions of the fluid stream, the means 
for selectively directing being located downstream from 
the means for detecting with respect to the fluid stream, 
being physically isolated from the means for detecting so 
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as not to introduce fluidic instabilities to the means for 
detecting, and being responsive to the means for 
detecting. 

30. The instrument of Claim 29 further comprising a second 
means for selectively directing an output of the first means for selectively 
directing, relative to a first container to thereby dispense portions of the fluid 
stream into a second container. 

31. The instrument of Claim 29, wherein the means for 
selectively diverting includes only a predetermined amount of the fluid stream 
with each of the objects selected by the means for selectively diverting. 

32. The instrument of Claim 29, wherein the means for 
providing provides live elongate, multicellular animals as the objects, and 
wherein the means for selectively diverting is operative to select said animals 
while leaving viability of the animals unimpaired. 

33. A method of dispensing sample objects comprising the 

steps of: 

centering and orienting the sample objects in a flowing fluid 
stream; 
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passing the fluid stream through a sensing zone with a 

surrounding sheath fluid; 
detecting the presence of the sample objects in the sensing 

zone; 

diverting at least some portion of the sample stream and sheath 
fluid with a switched fluid stream based on the step of 
detecting, wherein said switched fluid stream is physically 
isolated from the sensing zone so as to not induce fluidic 
instabilities therein; and 

collecting ones of the sample objects remaining in portions of 
the sample stream that were not diverted by the step of 
diverting. 

34. The method of Claim 33, wherein the step of diverting 
includes a step of converting the sample stream and sheath fluid into a spray 
of droplets. 

35. The method of Claim 33, wherein the step of diverting 
takes place for a predetermined period of time for each of the sample objects. 
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36. The method of Claim 33 further comprising a step of 
illuminating the sensing zone, and wherein the step of detecting detects light 
from the step of illuminating. 

37. The method of Claim 33, wherein the step of detecting 
5 employs an on-axis detector and an off-axis detector and combines signals 

from these detectors. 

38. The method of Claim 33, wherein the step of centering 
includes a step of conveying a sheath fluid past a nozzle. 

39. The method of Claim 38, wherein the step of conveying is 
10 performed with a maximum Reynolds number of around one hundred. 

40. The method of Claim 33 further comprising a step of 
sorting the sample objects into a plurality of categories following the step of 
diverting and wherein the step of collecting collects the categories in a 
plurality of different containers. 

15 41. The method of Claim 33, wherein the sample objects are 

multicellular organisms and further comprising the step of exposing the 
multicellular organisms collected in the step of collecting to a pharmaceutical 
agent. 



WO 00/11449 



PCT/US99/19035 



-49- 



42. The method of Claim 33, wherein the step of dispensing 
the sample objects further includes dispensing predetermined numbers of 
sample objects into each of a plurality of containers. 

43. The method of Claim 33, wherein the step of feeding 
5 feeds reference particles with the sample objects. 

44. The method of Claim 33, wherein the step of dispensing 
includes dispensing only sample objects having a predetermined 
characteristic into a container. 
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